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© Method of manufacturing small planar anisotropic high-strength thin can steel plate. 



© A method of manufacturing a small planar anisotropic high-strength can steel plate. Hot-rolling is first 
performed on a steel slab at an Ar 3 transformation point or higher to obtain hot rolled steel strip. The slab has a 
composition which essentially consists of and which satisfies the conditions of: C^O.004%, Si^O.02%, Mn = 0.5% 
- 3%, P<0.02%, Al = 0.02% - 0^05%, 0.008%£N£0.024%, and the rest being Fe and unavoidable impurities, 
wherein the conditions have the relationship of:AI%/N%>2. Then, the resultant strip is cooled at a cooling rate of 
10'C/s or higher so as to reach a temperature of 650 *C or lower. The resultant strip is further coiled at a 
temperature in a range of from 550 • C to 400 • C. Cold-rolling is performed on the resultant strip at a reduction 
Cjl ratio of 82% or higher preceded by removing a scale to obtain cold rolled steel strip. Subsequently, continuous 
^ annealing is performed on the resultant cold rolled steel strip at a recrystallization temperature or higher, being 
q followed by temper-rolling. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a method of manufacturing thin can steel plate used for a tinplate, tin- 

free steel and the like. More particularly, the invention relates to a method of manufacturing a higher- 
strength can steel plate having a smaller thickness and better workability compared to conventional can 
steel plates. 

to Description of the Related Art 

Can steel plates, in particular, beverage can steel plates, are becoming thinner with a view to saving 
resources and achieving weight reduction. Improvements are being made to make the can steel plates 
thinner-walled. There is also a demand for good workability in the application of such steel plates to two- 
75 piece cans. 

Conventionally, for example, a box-annealing material having a thickness of approximately 0.33mm or 
greater and a tempering degree of approximately T1 (a strength (TS) of from approximately 32 to 
33kgf/mm 2 ) is used for Dl two-piece cans. The thickness of such a material has recently been gaged down 
to 0 29mm and even to 0.25mm or smaller. Along with the downsizing of the material, there follows an 
2 o increase in the use of high-strength materials having a tempering degree of T2.5 (a strength TS of 
approximately 37kgf/mm 2 ), and high-strength materials even having a tempering degree of from T3 to T4 (a 
strength TS of from approximately 38 to 39kgf/mm 2 ). 

Further, since deep drawing is performed on the two-piece cans in the manufacturing process, there is 
a demand for a large degree of average r and a small degree of Ar. For example, there is a demand that a 
25 Dl can steel plate should have an average r of 1.3 or greater and Ar of 0.3 or smaller. A small degree of Ar 
is demanded with a view to suppress earing during deep drawing for improving yield of produced can and 
to avoid breaking the earing during ironing performed on the coarse form of the can and during a 
subsequent process of removing the can from a punch. 

Although many proposals have been made for a method of manufacturing a can steel plate, no proposal 
30 meets all the requirements described above. 

For example. Japanese Patent Laid-Open No. 2-118027 discloses a method of manufacturing a can 
steel plate having good workability. This method is employed whereby the so-called extremely-low carbon 
steel slab having a predetermined composition is subjected to hot rolling, cold rolling, and acid pickling 
according to a conventional procedure, being followed by cold rolling under a rolling reduction ratio of from 
35 85 to 90% to obtain hot rolled steel strip. Subsequently, the resultant strip is subjected to continuous 
annealing and further to temper rolling under a rolling reduction ratio of from 15 to 45%, thereby 

strengthening the steel. , , ■ 

However the foregoing method presents the following problems. Since extremely-low carbon steel is 
used as a material, it is necessary to perform temper rolling under a considerably high reduction ratio, 
subsequent to the continuous annealing, in order to obtain a high-strength steel plate. This lowers 

productivity. . 

A proposal which was made to increase the strength of a can steel plate is disclosed in, for example, 
Japanese Patent Laid-Open No. 2-118025. Under this method N is added to the material of a steel, and the 
temper rolling is further performed after annealing, thereby increasing the strength of the steel. 

However the steel plate obtained by this method cannot meet the conditions of good workability and 
having a small planar anisotropy (Ar), which are required for manufacturing a two-piece can having a large 
reduction ratio. 

A method of utilizing texture controlling technique by precipitating AIN during annealing is well known 
as a method of ensuring good workability. However, this method presents the following problems. Since AIN 
is precipitated during annealing, a comparatively slow heating speed is required. This typically necessitates 
the employment of a box-annealing process, and thus it is very unlikely to be able to provide a cost- 
effective continuous annealing method. 

Further, Japanese Patent Laid-Open No. 63-230848 discloses a method of manufacturing a steel plate 
having good workability through the use of texture controlling technique by means of the precipitation of 
AIN during the continuous annealing process. This method is employed as follows. A steel hav.ng a 
composition of C<0.003%, Mn=0.09 - 0.8%, sol.AI = 0.06 - 0.12%, and N = 0.005 - 0.011% is used. It is 
subjected to hot rolling and is then coiled at a temperature of 560 'C or lower. Subsequently, it is subjected 
to cold rolling and is continuously annealed under the conditions of an average temperature rise speed of 
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from 1 to 20-C/s in a range of from 400 to 700 -C and a maximum heating temperature of from 700 to 
900 *C. This process is intended to ensure good workability. 

However, this method requires the content of a large amount of Al; as much as 0.06% or higher. This 
promotes the precipitation of AIN during hot rolling, and the amount of precipitated AIN varies, making it 
5 difficult to control the amount of dissolved N, prior to continuous annealing. This further makes it difficult to 
control the amount of AIN which should be precipitated in the process of continuous annealing, thereby 
making a variation in the material quality wider. Additionally, a large amount of Al content makes the 
product expensive. 

10 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a method of manufacturing a high-strength 
thin can steel plate having good workability. 

Another object of the present invention is to provide a method of manufacturing a can steel plate 
75 provided with the foregoing characteristics achieved through a continuous annealing process. 

A further object of the present invention is to provide a manufacturing method whereby the reduction 
ratio of temper rolling subsequent to continuous annealing is sufficient in terms of a reduction ratio of from 
1 to 3%, that is employed in a conventional method. 

The specific product characteristics according to the present invention should meet all the requirements 
20 of: a thickness of 0.29mm or smaller, and more preferably, 0.25mm or smaller; a strength (TS) level of 
37kgf/mm 2 or more, and more preferably, 39kgf/mm 2 or more, when the temper rolling reduction ratio is 
from 1 to 3%; an average value r of 1.3 or greater; and planar anisotropy of Ar of 0.3 or lower, and more 
preferably, 0.2 or lower. 

The Ar indicating planar anisotropy can be expressed by the following equation: 

25 

Ar = (r L + rC-2rD)/2 
wherein 

r L : the value r in the rolling direction, 
30 r c : the value r at 90 • with respect to the rolling direction, and 
r D : the value r at 45 * with respect to the rolling direction. 
In order to solve the foregoing problems, the present inventors made various investigations and 
examinations. They discovered that a can steel plate having the targeted characteristics can be manufac- 
tured by a continuous annealing process which uses as a material extremely-low carbon steel containing 
35 large amounts of Mn and N and which makes adjustments to hot rolling conditions. 

Accordingly, in order to achieve the foregoing objects, the present invention provides a method of 
manufacturing a can steel plate having a small planar anisotropy as well as high strength, comprising the 
steps of: hot-rolling a steel slab to produce a hot rolled steel strip at an Ar 3 transformation point or higher, 
the slab having a composition which essentially consists of and which satisfies the conditions of: CS0.004%, 
40 SiSO.02%, Mn = 0.5% - 3%, P^O.02%, A! = 0.02% - 0.05%, 0.008%£N£0.024%, and the rest being Fe and 
unavoidable impurities, wherein the conditions have the relationship of:AI%/N%>2; cooling the resultant hot 
rolled steel strip at a cooling rate of 10*C/s or higher so as to reach a temperature of 650 °C or lower; 
coiling the resultant hot rolled steel strip at a temperature in a range of from 550 *C to 400 °C; cold-rolling 
the resultant hot rolled steel strip at a reduction ratio of 82% or higher to produce a cold rolled steel strip 
45 after removing a scale; continuously annealing the resultant cold rolled steel strip at a recrystallization 
temperature or higher; and temper-rolling the resultant cold rolled steel strip. 

The more specific features, the conditions for carrying out the present invention, and the like, will be 
apparent from the following description in the embodiment and the appended claims. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Conditions for Material Composition 

A description will first be given of the composition of the material. 
55 C: It is necessary to maintain the C content in the material in a low level in order to ensure good 
workability. It is also necessary that the C content should be 0.004% or lower in order to perform texture 
controlling by means of the precipitation of AIN during the continuous annealing. However, C content 
0.0003% or lower may make the crystal grain size be significantly coarsened, thereby resulting in surface 
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roughening of the resultant steel plate after press-working. The lower limit of the C content thus should be 

O 00 s!-S\ is used for strengthening the steel, but it brings about decreases in workability and in ' corrosion 
resistance, and accordingly, the Si content is desirably lowered as much as possible. The upper limit of the 

5 Si content should be 0.02%. , ^ . <±ma~a 

Mn: Mn is typically an essential element for strengthening a steel plate, and can thus be actively added 
to strengthen the extremely-low carbon steel in this embodiment. nf 
The important factors for Mn are not limited to the foregoing factors pecul.ar to the typical properties of 
Mn Although the detailed mechanism of Mn is unknown, a predetermined amount of Mn is inevitable in 
,o order to inhibit the precipitation of N and to ensure the amount of dissolved N prior to the continuous 
annealing, which properties of N may be related to a reduction in the transformation pent during hot rolling. 
Mn also has the advantage of promoting the precipitation of AIN during the continuous annealing. 

Thus the present invention can be summarized as follows. Extremely-low carbon is used as a material 
and predetermined amounts of Mn, N and A. are added to the carbon. The hot rolling «ndrt.on8 and 
, 5 continuous annealing conditions are suitably adjusted as described below, thus enhancing the P»°P™«> 
of AIN during the continuous annealing, thereby bringing about an improvement in the texture controlling. 
This further gives rise to an improvement in plane anisotropic characteristics of the value r 

In order to obtain the foregoing advantages, it is necessary to add 0.5% or higher Mn m the present 
invention However, the Mn content in excess of 3% significantly hardens the hot-rolled steel strip, which 
20 Takes it difficult to perform cold rolling on the resultant strip. Accordingly, the Mn content should be 
restricted to a range of from 0.5 to 3%. 

P- P as well as Si. is an element for strengthening steel. At the same time, however, it also brings 
about' decreases in workability and corrosion resistance, and accordingly, the P content is desirably lowered 
as much as possible. The upper limit of the P content should be 0.02% 

Al- Al is an essential element required for precipitating N as AIN. It is necessary to add 0.02 * or higher 
Al in order to exert the effect of facilitating the precipitation of N during the continuous anneal. "^However 
an excessive amount of Al overly accelerates the precipitation of AIN during hot ro ,ng 
texture controlling by means of the precipitation of AIN during the continuous annealing and mhrtxtong an 
increase in strength An excessive amount of Al and excessive disparity of thermal hystens.s of hot rolled 
steTstnp c use a large variation in precipitation quantity of A.N in the hot rolled steel strip, thus caus.g a 
variation in the material quality. Accordingly, the upper limit of the Al content should be 0.05% an more 
preferably 0.04% or lower. It is also necessary in the present invention that N be precipitated as AIN 
substantially completely during the continuous annealing. In order to meet such a requirement, there is a 
demand for the condition that Al%/N%>2. nf 
N N is an important element for performing texture control in the present invention. A large amount of 
N should be added with a view to precipitating a large amount of finely-formed AIN during «»oonbnuous 
annealing so as to perform the texture control function and also to increase the strength of the resultant 
ste^ plate A small amount of the N content delays the precipitation of AIN during annealing, thereby 
inhibiting the effect of texture control and making the dissolved N more likely to remain. 

Accordingly, the N content is determined to be 0.008% or higher in the present .nvention. A la ge 
amount of N is preferably added, but the amount in excess of 0.024% or higher saturates the effec s of N 
and also increases the danger of producing defects during the continuous casting. The upper l.m.t is thus 

re TteicSfas for the material in the present invention have thus been discussed as described 
above Although a large amount of N. among other elements, should be added, rt « substantially 
precipitated as AIN under the presence of the foregoing Mn and Al, thus it is free from the problem of 

a9 ^n 9 tne U pSent invention, since a large amount of extremely fine AIN is present in the steel This results 
in many portions at which dislocation is likely to occur, thereby inhibiting an occurrence of yield point 

so elongation, or the like, compared with typical extremely-low carbon steel containing a small amount of AIN 
?or the applications which are particularly influenced by the ageing, the C content m the stee is 
lowered so that ageing characteristics can be improved. In order to achieve this, the C " the steel 
should be 0.0010% or lower. If it is difficult to reduce the C content ,n the steel to an exlent of a range 
within which ageing does not present any problem, ageing characteristics can be improved by adding Nb to 

55 reduce the amount of dissolved C, which causes the ageing. r » 
In such a case, Nb should be added to such an extent as to meet the condition of the express on. C »- 
0 0010% £ Nb%x12>93. However, a large amount of Nb in excess of 0.04% increases the recrystall.zation 
temperature during the continuous annealing, thus making the annealing conditions more demandmg and 
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also disadvantageous^ making Nb fix N f thereby hampering the precipitation of AIN. Consequently, the 
lower limit of the Nb content should be a value calculated by the expression: C%-0.0010% £ Nb%xl2/93, 
while the upper limit should be 0.04%. 

For evaluating ageing characteristics as baked hardness (BH), the condition of the expression: 
5 BH£1kgf/mm 2 should be satisfied, thereby eliminating the problem of ageing characteristics. 

Rolling and Annealing Conditions 

A description will now be given of the reasons for restricting the rolling conditions. 
7a Hot rolling and cold rolling can be performed according to a conventional procedure, but the below- 
mentioned conditions should be met in such a procedure. 

The hot rolling finishing temperature: the rolling finishing temperature should be the Ar 3 transformation 
point or higher. If the rolling is performed on the ferrite area of the steel plate at a finishing temperature 
below the Ar 3 transformation point, the precipitation of AIN is accelerated in the hot rolled-plate. This makes 
75 it difficult to perform the texture control step by means of the precipitation of AIN during annealing. 

Even if the rolling finishing temperature is the Ar 3 transformation point or higher, the addition of Nb 
disadvantageously fixes N during hot rolling, which decreases the amount of dissolved N prior to annealing 
and also restricts the effect of reducing the ageing amount, which effect can be achieved by the addition of 
Nb. Thus, the rolling finishing temperature is preferably at 870 °C or higher if Nb is added. 
20 In contrast, a high rolling finishing temperature as high as 980 °C or higher undesirably coarsens the 
crystal grain size of the hot rolled-plate and is likely to reduce the value r. Thus, the rolling finishing 
temperature is also preferably at 980 • C or lower. 

Coiling temperature: the upper limit of the coiling temperature should be 550 °C. The coiling tempera- 
ture in excess of 550 • C widens a variation in the material quality in the longitudinal direction of the strip. 
25 This necessities an increase in the amount of cutting of the forward and rear ends of the product in order to 
ensure the uniformity of the material quality of the product, thereby deteriorating the yield of the product. A 
higher coiling temperature also induces the precipitation of AIN in the coarse form in the hot rolled-plate, 
thereby decreasing the contribution to the texture control step during the continuous annealing and to an 
increase in the strength. 

30 A coiling temperature below 400 # C may change or disorder the configuration of the plate which has 
been coiled in a currently-available hot rolling device, thus hampering subsequent processes of acid 
pickling and cold rolling. The lower limit of the coiling temperature should thus be 400 *C. 

Cooling rate: the cooling rate after the finish-rolling so as to reach 650 °C is determined to be 10*C/s, 
and more preferably, 20°C/s or higher. In terms of inhibiting the precipitation of AIN in the hot rolled-plate, 

35 it is necessary to maximize the cooling rate in a range from a temperature at which the rolling is completed 
to 650 'C at which AIN is likely to be precipitated. A low cooling rate facilitates the precipitation of AIN 
during cooling or the formation of a precipitated nucleus of AIN even if a Mn-contained material is used so 
that N is unlikely to be precipitated in the hot-rolled plate. This promotes the precipitation of AIN in the hot- 
rolled plate and thus fails to benefit from adding N. 

40 In the present invention, it is possible to allow a large amount of dissolved N to remain prior to 
annealing by making adjustments to the cooling rate. The dissolved N is precipitated as finely-formed AIN 
during the continuous annealing, thus enabling the recrystallization texture controlling without adding a large 
amount of Al, thereby achieving good workability and, in particular, an improvement in Rankford value r. 
Cold rolling conditions: the steel plate subjected to hot rolling undergoes acid pickling and cold rolling, 

45 being followed by the continuous annealing at a recrystallization temperature or higher. 

In the present invention, since the steel plate subjected to hot rolling is coiled at a low temperature, 
very good acid pickling properties can be obtained. Also, the cold rolling reduction ratio is 82% or higher, 
and more preferably, 86% or higher, in order to obtain good deep drawing workability and also to facilitate 
the precipitation of AIN during the continuous annealing. 

50 Continuous annealing: the annealing temperature should be the recrystallization temperature or higher 
because it is necessary to recrystallize the steel plate during annealing. It is also preferable that the steel 
plate be annealed at a relatively high temperature as high as 720 *C or higher in order to completely 
precipitate AIN in the fine form during annealing. However, an excessively high annealing temperature 
increases the danger of producing defects during the continuous annealing, such as heat buckling, plate 

55 breaking, and the like. The annealing temperature is thus preferably 840 # C or lower. The heating speed of 
the continuous annealing in a range of approximately 1 to 100*C/s exerts a very little influence on the 
resultant steel plate, and accordingly, stable material quality can be guaranteed. 



5 

3NSDOCID: <EP 0659 890 A2J_> 



EP 0 659 890 A2 



70 



75 



20 



Temper-rolling: temper-rolling is performed on the steel plate which has been subjected to anneahng 
Yield point elongation occurs in the steel plate subjected only to annealing without performing a further 
process, thereby making the material quality unstable. Accordingly, it is necessary to perform temper-roll ng 
on the steel plate at a reduction ratio of 1% or higher. In the present invention, adjustments are made to the 
composition, and the hot rolling and cold rolling conditions, thereby realizing a high-strength can steel plate 
having a small thickness and achieving good workability. Thus, it is intrinsically sufficient to perform , temper- 
rolling to such an extent as to adjust the configuration of the steel plate, that .s. a roll.ng reduction rafo 

^ P HowTJe^tem^l-Iollfng at a higher reduction ratio of 5% or higher enhances strength. Temper-rolling at 
a high reduction ratio is likely to reduce the baked hardness BH and also enables an im P r °^ m « n * '"^ 
ageing characteristics. However, a reduction ratio in excess of 40% results m hardening the s ee plate 
making it difficult to perform cold rolling and also results in visualizing the disorder of the configurat.on of 
the steel plate. The reduction ratio of temper-rolling is thus preferably approximate y from 1 to 40 /o. 

The present invention achieves texture control by means of the precipitin of AIN although continuous 
annealing is employed. This results for the following reasons. Since extremely-low carbon stee I is used as a 
material there are less portions where the recrystallization is started, such as carb.des, thereby exertmg a 
considerable influence on the recrystallization of AIN. Further, the achievement of texture control by means 
of the precipitation of AIN without adding a large amount of A. may result from the fact that a large amount 
of dissolved N can be guaranteed prior to annealing by making adjustments to the composmon and the 
rolling conditions and that the precipitation of AIN during the continuous annealing is promoted due to the 
addition of Mn and due to a comparatively high cold-rolling reduction ratio, and other reasons. 

S further, in the present invention, the precipitation of the finely-formed AIN during annealing ,s 
further consolidated, thereby enhancing an increase in the strength of the steel plate^ This results m the 
achievement of the high-strength steel plate although extremely-low carbon steel .s used as a matenal. 
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Example 

A steel from a converter and which had a composition shown in Table 1 (the rest was Fe and 
unavoidable impurities) was continuously cast into slab and thus produced slab was ^cted to hot rol tag- 
into hot rolled strip. The hot rolled steel strip was then pickled and cold rolled into co d rolled I steel stnp^ 
The cold rolled steel strip was then continuously annealed at an average heat.ng rate of from 20 to 30 C/s 
in a temperature range of from 740 to 800- C, being followed by temper-rolling, under the conditions ; shown 
in Table 2. A tinplating was performed on the resultant cold rolled strip by a halogen-type elect 
line so as to finish the strip as a tin plate having a #25 quality. Evaluates were made for the tens e 
strength (TS), the average value r, the planar anisotropy value Ar, and BH charactenst.es of the resultant tin 
plate. The results are shown in Table 2. 

As is seen from Table 1 (material composition). Table 2 (rolling and annealing conditions) and Table 3 
(product characteristics), the steel plate manufactured according to the present invention achievec 1 smaH 
anisotropic characteristics in r and high strength, which overall properties were des.rable used for ? thin can 
steel plate. Also, the reduction ratio of temper-rolling subsequent to the continuous annealing was increased 
so as to further enhance the strength of the steel plate. Further, it was verified that a decrease in the C 
content or the addition of a suitable amount of Nb enabled a reduction in the baked hardness BH as much 
as 1kqf/mm 2 or lower, thereby significantly improving the ageing characteristics. 

Subsequent to tinplating, a reflow process (tin-melting process) was continuously performed on a 
45 sample of this example so as to finish the sample as a tin plate. Painting and baking were then pert orrned 
on the tin plate, being followed by a welding test and flange working. Then, evaluations were made for he 
presence of cracking of the HAZ portion. There was no problem of welding characteristics and workability 
achieved subsequent to the welding process, exhibiting good results in producing Ihree-p.ece welded carh 
Although in this example the steel was finished as a tinplated steel plate, it may be used as a can steel 
so plate, such as a tin-free steel plate or a composite plated steel plate, or the like, in which case good 

characteristics can also be obtained. M , 

As will be clearly understood from the foregoing description, the present invention offers the following 

^T^possible to reliably and cost-effectively provide a high-strength can steel plate having a small 
55 thickness and having small planar anisotropy in the value r. which properties have not been obtained by the 
conventional steel plates so far. thereby remarkably exhibiting the contnbut.ons to product.vity. cost 
efficiency and weight reduction for the use of cans, and in particular, Dl cans. 
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Table 1 



STEEL 


CHEMICAL COMPOSITION <wtX) 


cx- 


STEEL 


NO 


C 


Si 


Hx 


P 


s 


11 


H 


Kb 


/ I7V9 t 1 Jni\ 

I Kb I Ml Z/93 } 




1 


0.002 


0.009 


0.55 


0.01 


0.009 


0.04 


o.ou 


0 






2 


0.0032 


0.01 


0.71 


0.011 


0.007 


0.032 


O.Ol 


0 


- 




3 


0.O03 


0.009 


0.6 


0.01 


0.01 


O.035 


0.012 


0 


- 




4 


0.003 


0.009 


0.8 


0.01 


0.01 


0.035 


0.012 


0 


- 




5 


0.003 


0.009 


0.8 


0.01 


0.01 


0.033 


0.012 


0 


- 




6 


0.0038 


0.01 


2.2 


0.012 


0.01 


0.028 


0.OO9 


0 


- 


Sc*«l of 




0.0023 


0.01 


1.5 


0.01 


0.008 


0.043 


0.015 


0 


- 


Chm pr««»nc 


* 


0.0016 


0.01 


0.63 


0.01 


0.008 


0.04 


0.012 


0 


- 




9 


0.0008 


0.01 


0.95 


0.008 


0.01 


O.04 


0.012 


0 


- 




10 


0.0005 


0.01 


1.20 


0.009 


0.01 


0.043 


O.OU 


0 


- 




11 


0.0021 


0.01 


0.7 


0.O09 


0.007 


O.038 


0.01 


0.013 


0.0004 






0.0025 


0.009 


0.6 


0.01 


0.009 


0.04 


0.015 


0.014 


0.0007 




13 


0.0018 


0.01 


1.85 


0.007 


0.01 


0.028 


0.012 


0.016 


-0.0003 




14 


0.0015 


0.01 


0.7 


0.01 


0.01 


0.04 


0.013 


0.024 


•0.0016 




IS 


0.0O13 


0.01 


0.65 


0.011 


0.008 


0.042 


0.01 


0.007 


0.0OO4 




16 


0.01 


O.OGB 


0.63 


O.Ol 


0.009 


0.04 


0.01 


0 


- 




17 


0.002 


0.01 


0.2 


0.01 


0.01 


0.04 


0.014 


0 






9 18 


0.0021 


0.01 


0.6 


0.01 


0.009 


O.08 


0.01 


0 






19 


0.002 


0.01 


0.6 


0.01 


0.01 


0.04 


0.004 


0 




St««l In 


20 


0.0023 


0.01 


0.6 


O.Ol 


0.01 


O.04 


O.OU 


0 




co«p*r*tiv« 


21 


0.0022 


0.01 


0.6 


0.008 


0.01 


0.042 


0.012 


0 




22 


0.0025 


0.01 


0.65 


0.01 


0.009 


0.038 


0.01 


0 






23 


0.002 


0.01 


0.53 


O.Ol 


0.OO8 


0.042 


0.003 


0.011 


O.0OO6 




24 


0.003 


0.009 


0.7 


O.Ol 


0.01 


0.03 


0.012 


0.OO6 


0.0022 




25 


0.0021 ( 


0.01 


0.7 


0.009 


0.007 


0.045 


0.01 


0.013 


0.0004 
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Table 2 



10 



is 



20 



25 



30 



35 



40 



STEEL 
NO. 


HOT-ROLLING 
FINISHING 

(C°) 


COILING 
TEMPERATURE 
(•C) 


COOLING RATE 
TO 650 °C 
AFTER HOT 
ROLLING 


COLD- 
ROLLING 
REDUCTION 
RATE 
(I) 


TEMPER 
R0LL1NC 
REDUCTION 
RATE 
(2> 


STEEL 


1 


890 


500 


20 


89 


1.2 




2 


870 




14 


87 


2 




3 


880 


3xU 


25 


89 


1 .5 




4 


890 


520 


20 


88 


10 




5 


890 


520 


25 


88 


30 


Sceel of the 


6 


870 


/. «;a 


37 


90 


1.3 


present 
invention 


7 


910 


^ 1 a 


21 


89 


1.3 




8 


880 




20 


84 


1 .5 




9 


880 


480 


40 


91 


1.1 




10 


m a 

Of V 


500 


32 


86 


1.5 




1 1 


B"7 A 


500 


25 


89 


1.5 




12 


880 


500 


25 


88 


1.5 




13 


880 




21 


87 


1.5 




1 A 


890 




28 


87 


20 




15 


B90 




13 


93 


1.2 




16 


880 




20 


87 


1.5 




17 


880 


500 


20 


89 


1.5 




18 


890 


520 


23 


87 


1.5 




19 


880 


500 


20 


89 


1.5 




20 


880 


590 


12 


89 


1.5 


Steel in the 
comparative 


21 


890 


500 


5 


88 


1.5 


example 


22 


880 


510 


20 


75 


1.5 




23 


890 


500 


20 


89 


1.5 




24 


890 


530 


21 


89 


1.5 




25 


880 


520 


4^ 


89 


1.5 





45 



50 



55 
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Table 3 



STEEL 
NO. 


TS 

(kgf fxmT) 


MEAN r VALUE 


a r 


BH 

•> 

(kgi/mxr) 




1 


38.0 


1.7 


0.05 


4 




2 


39.0 


1.6 


0.2 


5 




3 


39.0 


1.6 


0.1 


5 




4 


. 44.0 


1.5 


0.1 


0.9 




5 


58.0 


1.5 


0.1 


0.5 


Steel of che 


6 


43.0 


1.5 


0.1 


5 


pT S S Gtl t 

invention 


7 


41 .0 


1.6 


0.1 


3 


8 


37.0 


1.5 


0.2 


4 




9 


38.0 


1.7 


0.1 


0.9 




10 


37.0 


1 .7 


0.1 


0.1 




11 


37.0 


1 .6 


0.1 


0.1 




12 


40.0 


1 .7 


0.1 


0.8 




13 


41.0 


1.6 


0.1 


0 




14 


54.0 


1.6 


0 


0 




15 


38.0 


1.5 


0.2 


0.5 




16 


41.0 




-0.6 


6 




17 


33.5 


1 .2 


-0.4 


4 




18 


32.0 


1.4 


0.4 


3 




19 


35.0 


1.2 


-0 . 5 


4 


Steel in the 


20 


35.0 


1.2 


-0.5 




comparative 
example 


21 ! 


35.0 


1.2 


-0 . 5 


U 


22 


32.0 


1.2 


0.6 


4 




23 


36.0 


1.2 


-0.4 


2 




24 


39.0 


1.5 


0.2 


5 




25 


35.5 


1.3 


-0.5 


2 





45 Claims 

1. A method of manufacturing a small planar anisotropic high-strength can steel plate, comprising the 
steps of: 

hot-rolling a steel slab to obtain hot rolled steel strip at an Ar 3 transformation point or higher, said 
so slab having a composition which essentially consists of and which satisfies the conditions of: 
C<0.004%, Si<0.02%, Mn = 0.5% - 3%, P^O.02%, Al = 0.02% - 0.05%, 0.008%SNS0.024%, and the rest 
being Fe and unavoidable impurities, wherein said conditions have the relationship of:AI%/N%>2; 

cooling the resultant hot rolled steel strip at a cooling rate of 10°C/s or higher so as to reach a 
temperature of 650 ' C or lower; 
55 coiling the resultant strip at a temperature in a range of from 550 * C to 400 • C; 

cold-rolling the resultant strip at a reduction ratio of 82% or higher preceded by removing a scale 
to obtain cold rolled steel strip; 

continuously annealing the resultant cold rolled steel strip at a recrystallization temperature or 

9 

BNSDOCID: <EP 0659890A2_I_> 



EP 0 659 890 A2 



higher; and 

temper-rolling the resultant cold rolled steel strip. 

2. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein said steel slab further contains Nb under the 
conditions of: Nb^O.04% wherein Al%/N%>2 and C%-0.0010<(Nb%x12/93). 

3. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein the C content of said steel slab is 0.0010% or 
lower. 

4. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 2, wherein the hot rolling is finished at a temperature of 
870 • C or higher. 

5. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to one of claims 1 and 2, wherein the cooling rate achieved after 
the cooling subsequent to finishing the hot rolling is 20'C/s or higher. 

6. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein the reduction ratio of the cold rolling 
subsequent to the removing of the scale is 86% or greater. 

7. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein the reduction ratio of the temper rolling 
performed subsequent to the continuous annealing is from 1 to 3%. 

8. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 1, wherein the reduction ratio of the temper rolling 
performed subsequent to the continuous annealing is 5% or greater. 

9. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 2, wherein the reduction ratio of the cold rolling 
subsequent to the removing of the scale is 86% or greater. 

10. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 2, wherein the reduction ratio of the temper rolling 
performed subsequent to the continuous annealing is from 1 to 3%. 

11. A method of manufacturing a high-strength can steel plate having small ageing and small planar 
anisotropic characteristics according to claim 2, wherein the reduction ratio of the temper rolling 
performed subsequent to the continuous annealing is 5% or greater. 
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(54) Method of manufacturing small planar anisotropic high-strength thin can steel plate 

(57) A method of manufacturing a small planar ani- 
sotropic high-strength can steel plate. Hot-rolling is first 
performed on a steel slab at an Ar 3 transformation point 
or higher to obtain hot rolled steel strip. The slab has a 
composition which essentially consists of and which 
satisfies the conditions of: C^O.004%, Si^0.02%, 
Mn=0.5% - 3%, PgO.02%, A! =0.02% - 0.05%, 
0.008%gNs0.024%, and the rest being Fe and una- 
voidable impurities, wherein the conditions have the 
relationship of:AI%/N%>2. Then, the resultant strip is 
cooled at a cooling rate of 10°C/s or higher so as to 
reach a temperature of 650°C or lower. The resultant 
strip is further coiled at a temperature in a range of from 
550°C to 400°C. Cold-rolling is performed on the result- 
ant strip at a reduction ratio of 82% or higher preceded 
by removing a scale to obtain cold rolled steel strip. 
Subsequently, continuous annealing is performed on 
the resultant cold rolled steel strip at a recrystallization 
temperature or higher, being followed by temper-rolling. 



CO 
< 

o 
o> 

CO 
CD 

in 

CO 

o 

CL 
UJ 



3NSDOCID: <EP 0€59890A3_I_> 



Printed by Rank Xerox (UK) Business Services 
2.14.3/3.4 



EP0 659 890 A3 



} 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 12 0250 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



EP 0 556 834 A (KAWASAKI STEEL CO) 25 
August 1993 

EP 0 528 407 A (KAWASAKI STEEL CO) 24 
February 1993 

EP 0 308 751 A (KAWASAKI STEEL CO) 29 
March 1989 

EP 0 203 809 A (KAWASAKI STEEL CO) 3 
December 1986 



Relevant 
to claim 



The present search report has been drawn up for all claims 



CLASSIFICATION OF THE 
APPLICATION (Iot.CL6) 



C21D8/04 
C22C38/0G 



TECHNICAL FIELDS 
SEARCHED (Int-CL6) 



C21D 



Plan mf Marti 

THE HAGUE 



25 March 1997 



Mollet, G 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : techno logical background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document died for other reasons 



& : member of the same patent family, corresponding 
document 



2 



BNSDOCID: <EP 0659890A3J_> 



